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pathway on the cell surface that ultimately leads to thrombin formation. 
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AB Factor VII (F.VII) is a vitamin-K- dependent serine 

protease required in the early stages of blood coagulation. We describe 
here a patient with severe F.VII deficiency, with a normal plasma F.VII 
antigen level (452 ng/mL) and F.VII activity less than 1%, who is 
homozygous for two defects: a G-->A transition at nucleotide 6055 in exon 
4, which results in an Arg-->Gln change at amino acid 79 (R79Q) ; and a 
G-->A transition at nucleotide 8961 in exon 6, which results in an 
Arg-->Gln substitution at amino acid 152 (R152Q) . The R79Q 
mutation occurs in the first epidermal growth factor (EGF) -like 
domain, which has previously been implicated in binding to tissue factor. 
The R152Q mutation occurs at a site (Arg 152-Ile 153) that is 
normally cleaved to generate activated F.VII (F.VIIa) . Analysis of 
purified F.VII from patient plasma shows that the material cannot be 
activated by F.Xa and cof actors . In addition, in an in vitro binding 
assay using relipidated recombinant tissue factor, patient plasma showed 
markedly reduced binding to tissue factor at all concentrations tested. 
In an effort to separate the contributions of the two mutations, 
three recombinant variants, wild- type, R79Q, and R152Q, were prepared and 
analyzed. The R152Q variant had markedly reduced activity in a clotting 
assay, whereas R7 9Q showed a milder, concentration-dependent reduction. 
The R152Q variant exhibited nearly normal binding in the tissue factor 
binding assay, whereas the R79Q variant had markedly reduced binding. The 
time course of activation of the R79Q variant was slowed compared with 
wild-type. Our results suggest that the first EGF-like domain is required 
for binding to tissue factor and that the F.VII zymogen lacks activity and 
requires activation for expression of biologic activity. 
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AB Factor VII is a 406 amino acid single chain vitamin 

K-dependent protein that circulates in blood as a zymogen and is cleaved 
at amino acid 152 into a two-chain serine protease, FVIIa. When complexed 
with the integral membrane protein Tissue Factor (TF) , TF/FVIIa plays a 
pivotal role in initiating blood coagulation. We describe here a novel 
FVII mutation (FVIIPhiladelphia) located in exon 6 (GTG to GGG 
nt. 8967) that causes substitution of a Val for a Gly at amino acid 154. 
Genotypes and plasma FVII levels of 3 carriers of FVII-V154G from USA and 
Italy are shown. Recombinant FVII-V154G was expressed in HEK 293 cells 
and purified using a Ca2+- dependent immuno-af f inity column. The 
FVII-V154G mutation (P2 ' residue, chymotrypsin numbering 17), 2 
amino acids away from the activation site at 152, does not impair 
conversion of zymogen protein to the two-chain active form as activated by 
human FIXa, FXa, FXIIa or the complex soluble TF/FVIIa. FVIIa-V154G has 
no activity toward the macromolecular substrates FVII, FIX or FX, but 
retains 2% activity toward a FVIIa chromogenic substrate (Spec Vila) . In 
order to assess FVIl/FVIIa binding to tissue factor, two recombinant FVII 
mutants were expressed, one (R152Q) resistant to activation and 
the other {S344A) with no FVIIa activity after cleavage. The 
zymogen FVII R152Q and FVIIa-V154G showed a 20 to 40-fold decreased 
affinity for two different sources of soluble TF as compared to the S344A 
FVIIa mutant but only a 5 fold difference using relipidated TF. 
Comparison of FVIIa-V154G with FVIIa and other serine protease models show 
that FVIIa-V154G is unable to form the critical salt-bridge; these 
findings imply that cleavage of the zymogen FVII to the 

two-chain form must be accompanied by the formation of the salt -bridge to 
enable activity of the TF-FVIIa complex. In summary, modification of the 
P2 ' amino acid found in FVII-V154G does not prevent cleavage of 
zymogen FVII at the 152 activation site but promotes binding 
characteristics similar to zymogen FVII/TF. 
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AB Factor VII (FVII) is a zymogen for a vitamin 

K-dependent serine protease essential for the initiation of blood 
coagulation. It is synthesized primarily in the liver and circulates in 
plasma at a concentration of approximately 0.5 microg/ml (10 nmol/L) . The 
FVII gene (F7) is located on chromosome 13 (13q34) , consists of 9 axons, 
and spans approximately 12kb. It encodes a mature protein of 406 amino 
acids, which has an N- terminal domain (Gla) post-translationally modified 
by gamma -carboxyl at ion of glutamic acid residues, two domains with 
homology to epidermal growth factor (EGFl and 2), and a C-terminal serine 
protease domain. The single chain zymogen is activated by proteolytic 
cleavage at Argl52 -Ilel53 . There are 238 individuals described in 
the world literature with mutations in their F7 genes (FVII 
mutation database; europium. esc. mrc.ac.uk) . Complete absence of 
FVII activity in plasma is usually incompatible with life, and individuals 
die shortly after birth due to severe hemorrhage. The majority of 
individuals with mutations in their F7 gene(s), however, are 
either asymptomatic or the clinical phenotype is unknown. In general, a 
severe bleeding phenotype is only obseirved in individuals homozygous for a 
mutation in their F7 genes with FVII activities {FVII:C) below 2% 
of normal, however, a considerable proportion of individuals with a 
mild-moderate bleeding phenotype have similar FVII:C by in vitro assay. 
The failure of in vitro tests to differentiate between these groups may be 
due to lack of sensitivity in the assays to the very low amounts of 
FVII:C, which are sufficient to initiate coagulation in vivo. A number of 
polymorphisms have been identified in the F7 gene and some have been shown 
to influence plasma FVII antigen levels. 
Copyright 2 001 Wiley-Liss, Inc. 
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AB The invention provides compns. including modified blood clotting factors, 
i.e.. Factor VII, Factor IX, and Factor X, that have a 

non-native proteolytic cleavage site 'engineered into them allowing 
intracellular cleavage and secretion of an active form. The compns. are 
useful in the methods for treating a bleeding or clotting disorder. For 
example, gene transfer of modified blood coagulation factor Vila using the 
AAV-hAAT-ApoE-FVIIa expression vector offers a treatment for hemophilia 
patients and does not appear to induce production of inhibitory antibodies 
against FVIIa. 



